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The objective of this study is determination the volatile compounds 
of Matricaria chamomilla. It was used of an inorganic–organic hybrid 
material based on ZnO nanoparticles anchored to a composite made from 
polythiophene and hexagonally ordered silica (ZnO/PT/SBA-15) as a solid-
phase fiber microextraction (SPME). 
Microextraction techniques with nanoparticles ZnO/PT/SBA-15 resulted 
in a more efficient analyte enrichment, faster sample preparation, and 
lower solvent consumption. Furthermore, they are simple, inexpensive, 
environmentally friendly, and compatible with many analytical instruments. 
Using  ZnO/PT/SBA-15 followed  by  GC–MS,  37  compounds  were  
separated  and  identified  in  Matricaria chamomilla,  that  mainly  included  
α-bisabolol(17.51%), Cis-trans-farneso(8.72%), β-bisabolene(8.37%), E-β–
Farnesene(5.48%) Guaiazulene(4.36%), α-Pinene(3.68%) and Limonene 
(3.24%). The presented experimental results clearly demonstrate that 
prepared fibers are suitable for SPME analyses of volatile oils. For optimization 
of the microextraction  conditions  by  the  ZnO/PT/SBA-15  SPME  fiber,  a  
one  at  the  time  optimization  strategy  was used. The optimized parameters 
were sample state and its amount, extraction temperature and time, and 
finally desorption conditions.
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INTRODUCTION
Matricaria chamomilla L. (syn:M. recutitaL.; 

German chamomile) resides in the Asteraceae 
(Compositae) family and is one of the most widely 
used medicinal plants in the world [1]. It has a long 
history of application in herbal medicine dating 
back to ancient Greece and Rome where it was 
referenced by Hippocrates, Galen and Asclepius [2]. 
The plant is an annual herb with erect branching 
and finely divided leaves growing between 50–90 
cm tall. The flowers are daisy-like, with hollow 
conical yellowish centre surrounded by silver-
white to cream colored florets. M. chamomilla is a 

safe plant used in different commercially available 
forms such as tea, infusion, liquid and capsules in 
human nutrition. It has a stable natural monocyclic 
sesquiterpene alcohol named α-bisabolol as the 
main component (high molar mass of 222.4 g/mol 
and a high boiling point of 153 °C at 12 mm Hg), so 
the plant essential oil has a long shelf life of 6 to 24 
months. As well as the high stability and safety, the 
plant has no proven potentially toxic compound, 
and therefore, no acute toxicity for human and 
animals[3]. A diverse range of pharmacological 
actions has been recognized for the plant including 
antimicrobial, anti-inflam-matory, antioxidant, 
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antispasmodic, antiviral, craminative, sedative 
and antiseptic properties. Potentially active 
chemical constituents of M. chamomillaincluding 
terpenoids, flavonoids, coumarins, and spiroethers 
are believed to be responsible in part for such a 
wide range of biological activities [4, 5].

The solid-phase microextraction (SPME) 
technique uses a polymer-coated microfiber 
to concentrate organic analytes from sample 
phases. SPME has become a common analytical 
tool, as it allows sensitive analysis, reduced 
matrix interference, minimal solvent use, and 
full automation of the analytical procedure. In 
addition, because the fiber typically extracts only 
a small amount of analytes from the sample, the 
SPME technique can be used to measure the freely 
dissolved concentration (equivalent to the fugacity 
or the activity, depending on the reference phase 
chosen) of analytes in different matrices [6]. 

Manyrecent research activities on SPME 
have been focused on the preparation and 
characterization of new sorbents with a remarkable 
chemical and mechanical stability, enhanced 
sensitivity and selectivity for specified analytes. 
Also, new materials such as organic–inorganic 
nanocomposites and nanomaterials have been 
synthesized and used as fiber coatings [7, 8]. ZnO 
nanomaterials have attracted much attention due 
to their importance in basic scientific research 
and their potential in manufacturing nanodevices 
[9]. Up to now, many nanodevices using ZnO 
nanostructures have been reported including 
nanolasers [10], solar cells [11], ultraviolet 
photodetectors [12], gas sensors, light emitting 
diodes [13], field-emission devices [14], and so on. 
Among the applications, gas sensors are different 
from the others. Gas sensors are based on good gas 
adsorption properties caused by the high surface 
to volume ratio of ZnO nanostructures. As gas 
adsorption materials, their application is not limited 
to the gas sensors. However, few applications, 
except gas sensors, have been reported based on the 
gas adsorption properties of ZnO nanostructures 
[15]. 

In this paper, an inorganic–organic hybrid 
material is synthesized based on ZnO nanoparticles 
anchored to a composite made from polythiophene 
and hexagonally ordered silica. This newly 
synthesized material is then used as a fiber coating 
for SPME onto the stainless steel wires for fast 
determination of volatile compounds of Matricaria 
chamomilla [16]. 

EXPERIMENT
Plant materials

The aerial parts of Matricaria chamomilla were 
gathered during the flowering period in summer 
2015 from pave in the North West of Iran. The 
aerial parts were dried in the shade (at room 
temperature). A voucher specimen was deposited 
at the chemistry herbarium of this laboratory 
under the code 1015 MC.

Chemicals and reagents
Poly (ethylene glycol)-block-poly (propylene 

glycol)-blockpoly (ethylene glycol) (EO20–
PO70–EO20 or Pluronic P123) as a surfactant 
was purchased from Sigma (Buchs, Switzerland, 
www.sigmaaldrich.com). Zn(Ac)2, Li(OH)· H2O, 
Methylene chloride, thiophene monomers, and all 
chemical solvents were obtained from the Fluka 
(Buchs, Switzerland, www. sigmaaldrich.com) 
or Merck (Darmstadt, Germany, www. merck.
de) companies. The working solutions of the 
mentioned compounds were prepared by diluting 
the stock solution with methanol, and more diluted 
working solutions were prepared daily by diluting 
these solutions with deionized water. All solvents 
used in this study were of analytical reagent grade. 

Essential oils isolation
100 gr of air-dried aerial parts of Matricaria 

chamomilla was ground to a fine powder, and then 
put into a 1000 ml distillation flask. 500 ml of distilled 
water was added and subjected to hydrodistillation 
for 2 h, using a Clevenger-type apparatus as 
recommended by British Pharmacopeia. Oil was 
collected from the condenser, and dried over 
anhydrous sodium sulfate. The yield of the sample 
was about 0.27% based on dry weight of the sample. 
The obtained essential oil was stored at 4 ˚C until 
analysis by GC–MS.

GC–MS analysis
A Hewlett-Packard Agilent 7890A series 

GC equipped with a split/splitless injector 
and an Agilent 5975C mass-selective (Agilent 
Technologies, Palo Alto, CA, USA, http://www. 
agilent.com/chem) detector system were used for 
determination. The MS was operated in the EI 
mode (70 eV). Helium (99.999 %) was employed as 
a carrier gas, and its flow-rate was adjusted to 1 mL/ 
min. The column was held at 50 °C and increased to 
180 °C at a rate of 15 °C/ min and then raised to 260 
°C at 20 °C/ min and kept at this temperature for 
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5 min. The injector temperature was set at 260 °C, 
and all injections were carried out on the splitless 
mode for 2 min. The GC–MS interface, ion source 
and quadrupole temperatures were set at 280, 
230 and 150 °C, respectively. Compounds were 
identified using the Wiley 7 N (Wiley, New York, 
NY, USA) Mass Spectral Library. A homemade 
SPME device was used for holding and injection 
of the fabricated fiber into the GC–MS injection 
port. The commercial SPME device was purchased 
from Supelco (Bellefonte, PA, USA). The fiber was 
conditioned in the injection port of a GC for 1 h.

Preparation of ZnO/PT/SBA-15 nanocomposites
The ZnO/PT/SBA-15 nanocomposite was 

synthesized following the procedures described 
elsewhere (17). Highly ordered mesoporous SBA-15 
was synthesized using a procedure reported by Zhao 
and co-workers (18). SBA-15 was thermally treated 
at 120 °C in a vacuum oven to remove the physically 
adsorbed water. Then, 0.50 g SBA- 15 was immersed 
into a mixture of 10 ml methylene chloride and 5 ml 
thiophene monomers. The mixture was sonicated at 
ambient temperature for 1 h. When the methylene 
chloride and unadsorbed thiophene were slowly 
evaporated at 30 °C for 24 h under a vacuum 
oven, the mixture was added to a solution of H2O/
ethanol (volume ratio: 5/1) which contained 5 ml 
30 % hydrogen peroxide aqueous solution and 4 
mg FeCl3. The polymerization proceeded under 
nitrogen atmosphere and pH=2 for over 12 h at 50 
°C. The remained product was directly precipitated 
into vigorously stirred methanol (six volumes), 
then filtered off and washed with methanol several 
times, and eventually dried under vacuum at 50 °C 
for 12 h to remove the physically adsorbed water 
molecules(19). The PT/SBA-15 nanocomposite 
was directly immersed in Zn(Ac)2/ethanol solution 
through sonication in order to adsorb Zn2+ 
adequately, and then, Li(OH) aqueous solution was 
added to form ZnO nanoparticles, and the ZnO/PT/
SBA-15 composite was successfully prepared (20). 
To prepare the SPME fiber, a piece of stainless steel 
wire with a 200-μm diameter was twice cleaned with 
methanol in an ultrasonic bath for 20 min and dried 
at 70 °C. One centimeter of the wire was limed with 
epoxy glue and the ZnO/PT/SBA-15 nanocomposite 
was immobilized onto the wire. The coated wire was 
heated to 50 °C for 48 h in an oven, gently scrubbed 
to remove non-bonded particles and assembled to 
the SPME holder device. Finally, prepared SPME 
fiber was inserted into the GC injection port to be 

cleaned and conditioned at 260 °C for 1 h in a helium 
environment. The thickness of the uniform coating 
layer was calculated from the difference between the 
coated and uncoated stainless steel wire and come 
out to be about 20 μm. The headspace solid phase 
microextraction (HS-SPME) procedure SPME 
was performed with the prepared nanocomposite 
fiber, mounted in its SPME device. The extraction 
temperature was controlled using a thermo stated oil 
bath (15). 

RESULTS AND DISCUSSION
This study evaluates the reliability of SPME 

inorganic–organic hybrid material based on ZnO 
nanoparticles anchored to a composite made from 
polythiophene and hexagonally ordered silica 
(ZnO/PT/SBA-15) fiber for extraction of the volatile 
compounds from the headspace of Matricaria 
chamomilla that was heated in the absence of any 
solvent. It is well-documented that the extraction 
ability of a fiber is strongly influenced by the mass 
transfer from the matrix to the vapour phase that 
conditions headspace composition and the mass 
transfer from the vapour phase to the fiber coating. 
It is therefore reasonable to evaluate the effect of 
parameters affecting these equilibrium conditions, 
because the equilibrium for all components of a 
complex matrix, as a medicinal or aromatic plant, 
can be very difficult to achieve because of their 
different volatility and polarity. For optimization 
of the microextraction conditions by the ZnO/PT/
SBA-15 SPME fiber, a one at the time optimization 
strategy was used. The optimized parameters were 
sample state and its amount, extraction temperature 
and time, and finally desorption conditions.

Fig. 1. Effect of extraction temperature on the extraction 
efficiency. (X=OC, Y=area peak)
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Effect of temperature
The extraction temperature was varied from 

30 to 90 ◦C and the results are shown in Fig. 1. 
It was found that either the total peak areas or 
the individual peak areas is increased with the 
temperature up to 80◦C and then leveled off. The 
extraction temperature had a significant influence 
on the extraction because it can influence on the 
distribution coefficients of the compounds between 
the sample and the headspace and between the 
headspace and the fiber. From these results, the 
temperature of 80 ◦C was finally used for the present 
work.

Effect of extraction time
The extraction time varying from 15 to 50 min 

was investigated and the results are shown in Fig. 2. 
The profile for the total and individual peaks area 
shows highest peak area at 40 min for the target 
compounds. Longer extraction times have no effect 
on the extraction efficiency.

Sample mass
Generally, signals of analytes increase with the 

sample amount but too large amount of the sample 
will affect extraction efficiency. On the other hand, 
this does not mean that the larger the sample 
amount, the better the results. In the present work, 
the sample amount varied from 0.5 to 3.5 g and the 
results of the effects of sample amount on the total 
peak areas and the individual peak areas of the four 
compounds are shown in Fig. 3. Just as expected, 
the total and individual peak areas increased with 
sample amount up to 2.5 g and then leveled off at 
sample amount greater than 2.5 g. 

Effect of humidity
The effect of humidity was studied by the 

addition of different amounts of water to the 
samples in the optimized conditions. The results 
are shown in Fig. 4 for the four compounds. From 
these results, it can be concluded that the presence 
of water vapour in the headspace atmosphere 
decreases the total and individual peak areas in 
agreement with the previous reports. It means that 
the water molecules can deactivate the fiber surface 
by blocking the active sites; therefore, the proposed 
fiber is a good adsorptive fiber for sampling from 
the dried samples.

Desorption conditions
The following step in the optimization process 

was to select the optimum desorption conditions. 
There were determined by testing different 
temperatures and times, considering the optimum 

Fig. 2. Effect of extraction time on the extraction efficiency.  
(X= min, Y=area peak)

Fig. 3. Effect of sample weight on the extraction efficiency. 
(X=gr, Y=area peak)

Fig. 4. Effect of added water on the extraction efficiency. 
(X=mL of water, Y=area peak)
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aRetention  indexes  using  a  HP-5MS  column. 
bRelative  area  (peak  area  relative  to  total  peak  area)  for  hydrodistillation  method. 
cRelative  area  (peak  area  relative  to  total  peak  area)  for  SPME  method. 
d RSD  values  for  SPME  method  (relative  peak  area).  

 
 
 
 
 
 
 
 
 

No Compounds RIa (HD) Area%b 
(MA-HS-SPME) 

Area%c 
Repeatability 

R.S.D.%d 
Reproducibility 

R.S.D.% 
1 α-Pinene 937 3.02 3.68 8.5 11.5 

2 Camphene 954 0.84 0.74 10.3 10.3 

3 Sabinene 975 0.36 0.55 11.2 14.5 

4 β-pinene 979 0.29 0.31 9.5 10.2 

5 α-Phellandrene 1004 0.31 0.28 6.4 13.4 

6 α-Terpinene 1018 0.47 0.62 10.0 9.5 

7 Para-cymene 1028 0.60 0.34 12.3 11.7 

8 Limonene 1030 4.23 3.24 6.1 10.2 

9 1,8-cineole 1034 3.28 3.12 4.5 13.6 

10 Z- β -Ocimene 1039 1.16 1.03 5.2 12.5 

11 E- β-Ocimene 1048 0.12 0.05 6.1 10.4 

12 γ-terpinene 1198 0.12 0.31 11.8 14.7 

13 Camphor 1143 2.05 1.33 9.7 11.3 

14 Terpinen-4-ol 1177 0.24 0.12 6.5 10.6 

16 Bornyl acetate 1285 0.32 0.15 8.5 13.6 

17 α-copaene 1377 0.14 0.12 4.7 12.7 

18 β-caryophyllene 1417 0.91 0.53 9.2 12.1 

19 β- Humulene 1440 0.65 0.22 4.5 11.6 

20 Bicyclogermacrene 1490 1.07 0.65 10.1 14.3 

21 E- β -Farnesene 1498 7.33 5.48 11.5 10.3 

22 β-bisabolene 1512 9.32 8.37 11.2 12.5 

23 E- γ - bisabolene 1528 4.27 4.12 9.5 13.4 

24 Trans-nerolidol 1534 0.58 0.36 4.7 12.5 

25 Germacrene  D-4-ol 1574 0.35 0.42 6.5 10.3 

26 Spathulenol 1579 1.10 1.25 10.3 14.7 

27 Caryophyllene oxide 1580 0.88 0.28 11.5 15.1 

28 β-copaen-4-alpha-ol 1584 2.13 1.68 6.8 12.6 

29 α-cadinol 1650 1.24 1.06 12.0 14.8 

30 β-bisabolol 1671 10.45 7.25 10.6 10.4 

31 α-bisabolol oxide A 1682 3.28 2.69 5.4 13.2 

32 α-bisabolol 1685 18.54 17.51 8.3 10.5 

33 Chamazulene 1725 0.12 0.07 6.3 14.5 

34 Cis -trans-farneso 1742 9.41 8.72 9.1 13.6 

37 Guaiazulene 1772 5.81 4.36 10.6 14.2 

values. For the ZnO/PT/SBA-15 SPME fiber, 
desorption temperatures ranged between 200 ◦C 
and 290 ◦C (Fig. 5). The time of desorption was also 
optimized, varying between 30 and 220 s (Fig. 6). 
Stabilization of the chromatograms was observed, 
and reproducible peak areas were obtained for the 
sample using desorption time of 180 s at 280 ◦C. 
These values of temperature and desorption time 

were selected for the subsequent studies.

ZnO/PT/SBA-15 SPME fiber of Matricaria chamomilla 
The optimized SPME conditions were applied 

to the extraction and concentration of the 
volatile constituents in Matricaria chamomilla. 
The chemical volatile components in Matricaria 
chamomilla were identified by mass spectra library 

Table 1. Constituents  of  the  oil  of Matricaria chamomilla 
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Fig. 5. Effect of desorption temperatures on the extraction 
efficiency. (X=OC, Y=area peak)

Fig. 6. Effect of time temperatures on the extraction efficiency. 
(X=min, Y=area peak)

and retention indices. Thirty-seven components 
were identified, and are listed in Table 1. To obtain 
the method precision, three replicate analyses of the 
volatile components in Matricaria chamomilla were 
performed by SPME at the optimum conditions. 
The RSD values were calculated by the peak areas 
obtained by replicate analyses (Table 1). As seen in 
Table 1, RSD values less than 13% show that SPME 
has an acceptance precision.

CONCIUSION
Thirty-seven compounds were identified in 

Matricaria chamomilla using the ZnO/PT/SBA-
15 nanocomposite SPME fiber. Compared with 
conventional HD method, SPME is a simple, rapid, 
solvent-free and efficient method for the analysis 
of essential oils in Matricaria chamomilla. The 
proposed method is environmentally friendly, 
because no toxic solvent is used and thus there is no 
solvent peak in the chromatogram. The presented 
experimental results clearly demonstrate that 
prepared fibers are suitable for SPME analyses of 
volatile oils.
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